Abstract-Electricity is one of the most important human resources in the life of today's human being. It keeps the lights on, air conditioners and fans running throughout the hot weather and connecting people through smart phones. These household appliances will be causing higher dependency on electricity among consumers. The electricity requirements are hiking at alarming rate where the fossil fuels and other conventional resources that are being used for generation of electrical energy may no longer be sufficient to keep pace with increasing demand of the electrical energy of the world. This power generation depends on fossil fuel which also causes pollution and changes to the global climate. Thus, the main objective of this study is to propose a mechanical design of power generator which the input is from the movement of door openings. The power generator is designed and fabricated through various manufacturing processes and it consists of bevel gears, shafts and wheels. The power generator is then attached to a moving door and connected to a voltmeter. Result shows that the power generator is able to generate approximately of 12V and this is sufficient to charge a smart phone. To conclude, the designed power generator is not only environmental friendly but also has potential to be used by households because of its simple input requirement and small in size.
I. INTRODUCTION
Electrical technology has been changing rapidly from the invention of a simple light bulb to the development of sophisticated electronic devices such as smartphones, computers and smart watches. These inventions will be causing higher dependency on the electricity among users. Thus, the production of electricity will increase and the power generation which mostly depends on fossil fuels produces huge amount of emissions. The important thing in this case is the awareness of the environmental consequences of the existing energy system as the fossil fuels could change global climate figure in the modern environmental [1] . With the awareness of the environmental situation, this study aimed to design and fabricate a power generator which can be used by the household to generate electricity without being harmful to the environment.
Nowadays, the researchers are urged to focus on the renewable energy field in response to the increasing energy demands and environmental pollution that need for alternative energy sources [2] . Wind energy has become a major source of the renewable energy in many countries due to many advantages [3] . Wind power generators work the opposite of a fan. The wind turns the blades that eventually spin a shaft which connect to a generator and generates electricity. The interesting part of wind energy is that it can generate electricity by small operation and maintenance costs. Although the generation of electricity is quite environmental friendly and the wind is free, the disadvantage of using this system is the nature of the wind is unpredictable and become a critical factor on investment decision [4] . Besides wind energy generation, one of the sources of renewable energy that fastest growing in the market is solar energy industry [5] . The solar energy converts sunlight to heat and then heat to electricity. There are several types of sources to generate electricity, but the most popular among the system is using photovoltaic (PV) system. The studies for photovoltaic power plants have a long tradition for longer than 15 years [6] . However, this system also has its drawbacks such as the solar panels are made of materials that contain toxic chemical which can be harmful to the environment and manufacturing cost of this PV panel are high [7] . Apart from that, there are also power generators that have been generated using tidal energy. Tides are more predictable than wind energy and solar power which make the exploitation of tidal energy more attractive [8] . However, this system also has its disadvantages as this tidal power suffered from relative high cost and limited availability of sites with sufficiently high tidal ranges or flow velocities, thus constricting its total availability [9] .
As the energy demand in the world is keep increasing, there are many small electricity power productions have been invented to overcome this problem. These power generators are invented basically for household use and for appliances that use only small amount of electricity to function. There are several types of small electric power generator such as micro hydro system which uses household water supply as the source to generate power [10] . There is also an approach to generate electricity which the source is from the temperature changes. This idea is using thermoelectric power generation system. This technology was better known in the middle of 20 th century and the use of semiconductors with smaller band gap was found to perform better than two metals [11] . The recent work done on improving the performance of the thermoelectric generation system is using the solar thermal [12] .
Apart from that, there are also power generators that are using unconscious human's movement as its power input. Walking is a common activity performed in a person's everyday life. The energy is induced when the person's body weight is transferred to the ground when a person is walking. Therefore, the energy of the person from the foot step can be converted to the electricity by placing a device in a continuous human traffic such as in railway station platform, shopping complex or in a city footpath. This power generator uses piezoelectric effect to generate electricity. There are several types of piezoelectric materials, namely PbTio3, PbZro3, PVDF and PZT. The most commonly available piezoelectric materials are PVDF and PZT [13] .
In this technology era, most of the gadgets or products that have been invented are run by the electricity. For an example, mobile phone is one of the necessary things that most people have. Mobile phone needs to be charged every day to ensure that it is always ready to be used. Although this invention gives comfortable to human life but it also consumes higher amount of electricity because of its frequent charging. The increase of electric consumption also affects the environment as fossil fuel used to generate electricity produces carbon dioxide that is one of the major factors of global warming. The Environmental Protection Agency issued a rule where the power plants need to control emission of carbon dioxide [14] . In response to this problem, a power generator that is environmental friendly and low energy input was designed and fabricated.
This study aims to design and fabricate a power generator that is the electricity was induced by a moving door. This study is also one of effective solutions to reduce environmental problem that has been faced by conventional power generator.
II. METHODOLOGY There are two requirements needed to be considered to design the power generator. First, it requires a low energy input to operate and the second, the size of the power generator should be small so that it can be comfortably installed in house.
There were two phases of fabrication process. For the first phase, the processes that took place was that the installation of the charging circuit in the body of power generator. Meanwhile, for the second phase, it consisted of several manufacturing process such as milling, cutting and welding of the main body of the power generator. The process was divided by parts of the power generator which were shafts and casing. Each of the parts had different manufacturing process as it had different dimensions and functions. Further explanation about the fabrication for each part of the power generator was elaborated in next subsequent sections.
A. Installation of Charging Circuit
The charging circuit was connected to a dynamo and simulated in order to identify the connection of all the components. The voltage across the terminals varied and needed only +5 volts for USB charging. Thus, a regulator block was needed which would take in the variable power from the motor and convert it into DC +5V. A switching voltage regulators LM2596 5V version was used. Switching regulators are more efficient since they turn on/off the input at high speed (Pulse Width Modulation) to bring down the voltage at output and waste less power in form of heat. The diode was used to protect components from reverse current. Once all the simulations completed then the installation process of the components took place.
B. Fabrication of Power Generator
• Shaft-There were three possible materials that could be made as shafts which were steel, aluminium, and plastic. The shafts were supposed to be strong enough to bear the stress and have high durability. Stainless steel was selected for the material of the shaft as it fulfilled the criteria. Table 1 shows the mechanical properties of stainless steel T-304. The equipment used in fabrication of shafts included cutting machine, measuring tape and grinder machine. Two shafts were used in the design to transmit rotation and torque that produced by the moving wheels. The wheels were spinning as the door was being closed or opened. Two bevel gears and bearings were placed at the end of the shafts. 
Brinell Hardness 123

Yield Strength 215MPa
Ultimate Tensile Strength 505MPa
Young Modulus
-200 GPa
Poisson Ratio 0.29
Shear Strength 86 Gpa
• Casing-To manufacture the casing of the power generator, the process of cutting, milling, drilling and grinding took place. The casing consisted of plate and frame which is to hold the parts. The frame of the casing was made using slotted angle bar 2mm thickness. There were three measurements that needed to measure for slotted angle bar which were for body frame, shaft holder and plate holder, as shown in Table 2 . The equipment used in fabrication of the casing include milling machine, portable drilling machine, bench saw cutting machine and grinder machine.
• Bevel gears-The most important part of this power generator was the bevel gears. The gears transmitted power to dynamo and converted it to electricity. The gears shall be durable, high toughness and highly resistant to wear by abrasion. Furthermore, the gears should be small in size to meet the requirement of the design. Table 3 shows the material properties of plastic, carbon alloy steel and stainless steel. Carbon alloy steel is chosen as the material for the gears instead of plastic and stainless steel based characteristics as follows:
i.
The tooth hardness for carbon alloy steel is higher than plastic and stainless steel.
ii.
The yield strength of carbon alloy steel is higher than plastic and stainless steel.
The bevel gears were used to fulfil the requirement of the low mechanical input generator. The rotation of the shaft drove the bevel gear and turned 90 degrees of the pinion gear with ratio 1.5. The pinion gear then rotated the dynamo to generate electric power. Fig. 1 illustrates the design of the power generator. The wheels were to provide a free movement of the generator as the door was opened or closed. Since human effort applied on the door was inexhaustible, the movement of a door could be a new form of renewable energy. It captured wasted human energy and converted it into a power source [15] . • Bearings-The purpose of the bearings was to reduce the rotational friction and support radial and axial loads of a shaft. Four bearing were used for this power generator. The specifications of the bearings depend on the diameter of the shaft and load acting on the bearings. Table 4 shows the bearings specification. 
Inner diameter (mm) 10
Outer diameter (mm) 30
Thickness (mm) 8
Dynamic load rating (kN) 5.10
C. Parts Assembly
All the parts which were the charging circuit, shaft and casing were assembled together. The equipment that had been used in this process was screw driver, hammer, spanner, pliers and lubricant.
Procedures for assembling were as follows:
First, the ductwork hanger strap as shown in Fig. 2 was bent into half of the circumference of a circle of the bearing. The purpose of this strap was to keep the bearings in place.
ii. Next, the strap was attached on the slotted angle bar that had been cut and the screws and nuts were installed at the end of the strap.
iii. The strap was tightened and the bearing was pressed onto the semi-circle strap using hammer.
iv. Then, the strap was tightened again until the bearing did not move.
v.
The shaft was then fixed into the bearing.
vi. Then, a bevel gear was fixed to the end of the shaft as shown in Fig. 3 .
vii.
A dynamo was installed to the plate and a bevel gear was fixed at the end of the shaft of the dynamo.
viii. All parts which were body frame, shaft holder and plate holder were assembled together using screws and nuts.
ix. Next, the wheels were installed at the end of the shafts.
x. Then, the electrical part was connected.
xi. The power generator was tested. 
D. Experiment testing
The power generator was tested using a light emitting diode (LED) that was already built-in on switching regulator and also a multimeter. The switching regulator was connected via wirings to the correct terminal of the dynamo. The power generator needed to run several times because of the electrical energy that generated from the generator was small and not stable. The multimeter was used to record the voltage flow from the power generator. The generator was then attached to a door.
III. WORKING PRINCIPLE OF THE POWER GENERATOR
The mechanism of the generator was divided into input and output mechanism. The input mechanism contained bevel gear (driven), wheels and shafts. One of the wheels was attached and locked along on the one side of the shaft. The other wheel was kept free from the turning of the shaft. This was because to provide a free and smooth movement of the generator when pushing the door. Then, the gear was attached on the end of a shaft. When the shaft rotated, the gear rotated as well. The main input source of this power generator came from the human energy during opening and closing door which the torque applied by human being to open door is 15Nm [15] . Meanwhile, the output mechanism involved bevel gear (pinion) and dynamo. The pinion gear which was attached to the dynamo was placed at 90 degree from the driven gear. As the driven gear rotated, the pinion gear also rotated with higher speed compared to the driven gear due to the former's high gear ratio. Finally, the dynamo rotated and electricity was generated. Fig. 4 shows the working principle of the power generator.
The targeted output power of the generator is 2W, since 2W is enough to charge a battery of a mobile phone [16] . Assume there was energy loss of 20% in the system, which made the efficiency, was 80%, then the input power, P in was 2.5W (1), (2) . (1) (2) Fig. 4 . Working principle of the power generator A DC dynamo was used in the power generator to convert the mechanical energy to electrical energy. According to the dynamo specification obtained from the manufacturer, the dynamo has angular velocity, of 30rpm and could generate maximum output current of 1.5A and maximum load of 20W which means that the maximum power of the power generator can generate was more than enough to charge a smartphone. The amount of power and voltage generated by this dynamo is always dependent on the angular velocity of the dynamo, . As the angular velocity of the dynamo was getting higher, the amount of voltage generated was also higher, where K E is the electromotive force constant (3) .
By using (4), the voltage of the circuit could be obtained.
20W= V (1.5A) Then, V = 13.333V
The angular velocity, of 30 rpm was equal to 3.142 rad/s. Therefore, the electromotive force constant of this dynamo could be obtained (5) . (5) Because of the voltage that generated by the dynamo was greater, so a regulator block was needed which would take in the variable power from the motor and convert it into DC +5V. The required input of the generator is 2.5W, therefore by referring to (4), the current that had been generated was 0.5A. Angular velocity needed to generate this amount of current was 1.178 rad/s.
IV. RESULT
The power generator was able to generate electricity when the wheel was rotated which caused by the moving door. One of the wheels was locked along with the shaft which meant that the wheel would push the shaft to rotate together and the turning force of the wheel would then has been transmitted to the dynamo using the bevel gears. The electricity could only generate when the power generator was being pushed in oneway because the dynamo will change its polarity when the direction of rotation was changed. To make sure there was no change in polarity, the diode was connected to the positive terminal.
There were two stages of experiments for the voltage generated. First, the power generator directly connected to the multimeter. This was to examine how much voltage can be generated by the power generator. From the experiment, the voltage that had been generated was 11.54 V. This was a huge value for a small generator. As the objective of this project is to charge a smart phone, the power generator needed to stepdown the voltage generated until it reached 5V which it was the possible voltage to charge a smartphone. Next stage of this experiment was to make sure that the output was 5V by connecting the power generator to switching regulator LM2596 5V module. The wheel was rotated for two full revolutions and the power generator generated 4.43V. The LED at the module lighted up brightly when the wheel was rotated.
A mechanism of openings and closing door which gave motion was selected as an input to drive the power generator. The power generator was installed at the back of the door as shown in Fig. 5 . The door always had been pushed and pulled therefore the translation motion acting on the opened and closed door fulfilled the requirement as an unconscious and a low mechanical input. The torque applied by human being to open door was 15Nm which normally went waste was converted into suitable power source by moving the power generator forwards and backwards. Principle of this mechanism was similar to turbine used in hydroelectric dam or wind turbine to generate electricity. A door in a busy place usually keeps moving for hours every day. Much of the energy used to turn the door was wasted. A generator at the door could convert the mechanical energy from the moving door into electrical energy. Thus utilizing the kinetic energy in operation of door with the help of geared mechanism was the basic principle of this study.
V. CONCLUSION A power generator which included the input and output mechanism had been designed and fabricated. The components that involved in this study were dynamo, bevel gears, shafts and bearings. The power generator was tested and it was able to generate electricity with the voltage of 11.54V which was more than enough to charge a smart phone. Thus, the objective of this study had been achieved. The power generator was not only an environmental friendly but also had a potential to be used by the household since it came in small size and required only a low mechanical input to operate.
One recommendation had been made for the future work in order to improve the capability of the power generator. The number of rotations of the shafts and the gears shall be increased so that higher power output can be generated. One of the ways is that to increase the gear ratio between pinion and driven gear which lead to higher angular velocity.
